Since LANGLEY established the "neuron theory" (1921) , it has been generally accepted that only one neuron exchange takes place between a cholinergic pre-and an adrenergic post-ganglionic fiber in the sympathetic ganglia on the way from the lateral horn cells of the thoracolumber part of the spinal cord to the periphery in the sympathetic nervous system. It has been also well known that adrenaline, exactly noradrenaline (v. EULER, 1946) , is the transmitter in almost all the sympathetic postganglionic neurons (FELDBERG and GUDDUM, 1934; DALE, 1935) . However, monoaminergic nerve terminals NORBERG, 1963, 1965) as well as some monoaminergic interneurons (NORBERG and HAMBERGER, 1964) were microscopically demonstrated by the fluorescence method around and among nerve cells in the inferior mesenteric ganglion of the cat. It is now thought that the arrangement of the neuron chains in the sympathetic nervous system is complicated, and requires further fundamental morphological studies. DAHLSTROM and FUXE (1964) , DAHLSTROM (1965 DAHLSTROM ( , 1967 , ERANKO and HARKONEN (1965) already described that the fluorescent material flows from the perikarya to the nerve terminals according to the axoplasmic flow (WEISS and HISCOE, 1948) . In the present paper, the author tried to examine the appearance of the fluorescent material, using dogs axotomized at several levels of the nerve course, in order to elucidate the arrangement and the connections of the sympathetic nerve fibers from the spinal cord to the intestinal wall.
Materials and Methods
Twelve dogs were used in this study, of which two untreated animals served as controls.
The pathway from the communicating rami of the 13th thoracic ganglion via the thoracic greater splanchnic nerve to the splanchnic ganglion and the pathway from the inferior mesenteric ganglion via the colonic nerve to the colonic wall of the dog (cf. STROMBERG, 1967) were studied by fluorescence microscopy in order to clarify the arrangement of the neuron chains in the sympathetic nervous system. Axotomies of the sympathetic nervous system of 10 dogs were performed at several levels under pentobarbital sodium anesthesia. Some of the dogs were treated with nialamide (500mg/kg) or reserpine (5mg/kg) 6hrs before killing. Materials examined were as follows: the proximal and distal cut ends of the axotomized nerves, the 13th thoracic, splanchnic and inferior mesenteric ganglia and the nerve element of the colonic wall. The materials and treatments are summarized in Table I . On the 7th day after the operation, when the accumulation of catecholamines was maximal (SANO et al., 1970) , all specimens were dissected out under light 495 ether or thiopental sodium anesthesia, rapidly frozen in an isopentane dry ice mixture CORRODI and JONSSON, 1967) .
of paraffin by xylen. The preparations were studied with an Ultraphot II (Zeiss) equipped with an HBO 200 high pressure mercury lamp, a 3mm BG 12 excitation examination and photography in the fluorescence microscope the sections were also examined phase-contrast microscopically. A series of adjacent sections were stained with hematoxyline-eosin or toluidine blue as controls.
Observations
A. Normal Condition 1. The 13th thoracic ganglion and its communicating rami The 13th thoracic ganglion in the dog located ventrolateral to the 13th thoracic vertebra, is ca. 7mm long, flat and ovoid in shape and usually connected by two white and two gray communicating rami with the 12th and 13th thoracic and 1st lumbar nerves. Two gray communicating rami start from near the upper pole of the ganglion: one ascends and connects with the 12th thoracic nerve and the other descends and connects with 13th thoracic nerve. They are both joined together with the anterior branches somewhat peripheral to the diverging point of the anterior and posterior branches of the spinal nerve. Two white communicating rami start from near the origin of the anterior branches of the 13th thoracic and 1st lumbar nerve and penetrate into this ganglion near its lower pole. The gray communicating ramus joins the spinal nerve always 1 to 2mm proximal to the origin of the white communicating ramus from the spinal nerve. Figure 1 The two gray communicating rami start from near the upper pole of this ganglion; one ascends to connect with the 12th thoracic nerve and the other with the 13th thoracic nerve.
The two white communicating rami start from near the origin of the anterior branches of the 13th thoracic and 1st lumbar nerve and penetrate into this ganglion near its lower pole.
The fluorescence was rather intense in a minority of the cells, whereas it was of medium or low intensity in most of them. B. Experimental Conditions 1. Pharmacological a. Administration of nialamide resulted in: 1) an augmentation of catecholamine fluorescence of the monoaminergic neurons in the sympathetic ganglia and in the peripheral nerves examined, 2) a decrease in the number of the isolated catecholaminefree nerve cells in the 13th thoracic, splanchnic and inferior mesenteric ganglia, and 3) little change in the group of nerve cells primarily free of the catecholamine fluorescence in the definite areas of the 13th thoracic ganglion.
b. Administration of reserpine caused in 6hrs an almost complete loss of the catecholamine fluorescence of the monoaminergic neurons in the sympathetic ganglia. It took 24hrs for the accumulation of catecholamine in the proximal cut end of the nerves to disappear.
2. Operative a. Section of the communicating rami of the 13th thoracic ganglion Seven days after the operation, the proximal and distal cut ends of the white and gray communicating rami were removed for examination.
No accumulation of the yellowish green fluorescent material was noted at the cut ends on either the spinal or the ganglionic side of the white communicating rami, nor at the cut end of the spinal side of the gray communicating rami. The yellowish green fluorescence was noted only at the cut end of the ganglionic side of the gray communicating rami (Fig.  6) . The nerve cells without catecholamine fluorescence were increased in number in the 13th thoracic ganglion with the white and gray communicating rami sectioned, in comparison with the unsectioned ganglion. b. Section of the thoracic greater splanchnic nerve
The thoracic greater splanchnic nerve was sectioned bilaterally just before it penetrated the diaphragm.
The accumulation of yellowish green fluorescent material was found at the proximal cut end of this nerve for several mm proximal to it, but not at the distal cut end. The nearer to the proximal cut end, the more was the fluorescent material. At larger magnification, these yellowish green fluorescent nerve fibers were scattered among the faintly green autofluorescence of the myelinated nerve fibers and were swollen towards the cut end (Fig. 7) . After the sectioning, the catecholamine-free nerve cells were increased in number in the 13th thoracic and splanchnic ganglia, as compared with the unsectioned ganglia. c. Section of the nerve fibers which enter and leave the inferior mesenteric ganglion After preganglionic denervation monoaminergic nerve terminals were markedly (Fig. 9) . Yellow fluorescence in the Fig. 9 . Inferior mesenteric ganglion, dog, 7 days after postganglionic denervation.
The axon of a catecholamine fluorescent nerve body terminates on an adjacent catecholamine-less nerve cell body. Other nerve Fig. 10 . a and b. Proximal cut end of the colonic nerve, dog, 7 days after section of above-described perikarya of paraganglion cells remained unaffected. d. Section of the colonic nerve The accumulation of yellowish green fluorescent material was noted in the swollen non-myelinated nerve fibers at the proximal cut end of the colonic nerve when it was examined on the 7th day after axotomy (Fig. 10. a, b) . Almost no fluorescence was noted at the distal cut end of the nerve. The catecholamine fluorescent nerve terminals, on the other hand, had disappeared from both Auerbach and Meissner plexuses after axotomy.
The above-described results are summarized in Table 2 .
Discussion
In order to clarify the arrangement of the neuron chain in the sympathetic nervous system, one must first select some nervous pathways for study which can be easily and unequivocally followed from the communicating rami to the effect organ.
In this study two kinds of pathways were examined: 1) From the 4th lumbar ganglion and its communicating rami via the lumbar splanchnic nerve, inferior mesenteric ganglion and colonic nerve to the intramural ganglia of the colon wall.
2) From the 13th thoracic ganglion and its communicating rami via the thoracic greater splanchnic nerve to the splanchnic ganglion. Each of the above-described pathways has both advantages and disadvantages for the present purpose. The first has two disadvantages:
The communicating rami show wide anatomical individual variations and the lumber splanchnic nerve is too thin to treat easily by means of various operations.
However, it has the following advantages:
The course from the inferior mesenteric ganglion via the colonic nerve to the colon wall is easily submitted to pre-and postganglion denervation and the changes are easily followed after surgery. The second course has two advantages:
The communicating rami of the 13th thoracic ganglion are easy to find and show few individual anatomical variations. The thoracic greater splanchnic nerve is thick enough to be easily identified and sectioned. It has, however, the following disadvantages:
After the thoracic greater splanchnic nerve reaches the splanchnic ganglion, selective axotomy of the postganglionic nerve fibers are impossible. The postganglionic fibers form such a reticulum that accurate identification and tracing are impossible. Thus, the most advantageous level of each course was used: From the communicating rami to the prevertebral ganglion, the second course was adopted. From the prevertebral ganglion to the effect organ, the first course was adopted.
Using DAHLSTROM-FUXE's method (1964 a) by which monoaminergic nerve fibers in the peripheral nerve can be visualized, the inferior mesenteric ganglion, the colonic nerve and the intestinal wall of the dog were observed at regular intervals after section of the colonic nerve, and the following findings which were most manifest 7 days after the section were obtained: 1) loss of catecholamine fluorescence of the cell body proximal to the cut end. 2) an accumulation of catecholamine at the proximal cut end of the axon. 3) loss of catecholamine fluorescence of the distal nerve terminals (SANO et al., 1970) . Following this preliminary study, specimens were examined from various parts of the sympathetic nervous system between the spinal cord and the colon and the following findings were obtained:
Preganglionic section results in a remarkable decrease in the number of monoaminergic nerve terminals in the inferior mesenteric ganglion, whereas postganglionic section results in loss of catecholamine fluorescence of almost all the nerve cell bodies in the inferior mesenteric ganglion and little change in the number of monoaminergic nerve terminals. It is interesting that a few monoaminergic nerve terminals still remained in the inferior mesenteric ganglion even after preganglionic section and a few fluorescent nerve cells remained in the inferior mesenteric ganglion even after postganglionic section. These findings suggested that some of the fluorescent terminals belonged to the short axon of monoaminergic nerve cells in the same ganglion.
In fact, in the 13th thoracic and also inferior mesenteric ganglia, we were able to observe some axons of fluorescent nerve cells terminating on adjacent nerve cells in the same ganglion. Therefore, the origins of these monoaminergic nerve terminals were thought to be intra-and extraganglionic. NORBERG and SJOQVIST (1966) also noted that monoaminergic nerve terminals were richly distributed in the inferior mesenteric ganglion of the cat, traced them by means of the axotomy experiment, and concluded that the origin of all of them was intraganglionic. Our present results agree with those of NORBERG and SJOQVIST in so far as demonstrating the presence of intraganglionic monoaminergic interneurons.
According to HAMBERGER and NORBERG (1963 , sympathetic ganglion cells have catecholamine-specific fluorescence of various intensities. This fluorescence means the existence of monoaminergic neurons and the differences in the intensity of the fluorescence would depend on the functional phase of each cell. In this study, sympathetic ganglia of normal animals were composed of nerve cells with and without catecholamine fluorescence.
The latter nerve cells appear singly or in groups. After the administration of nialamide these isolated catecholamine-free nerve cells are decreased in number, as observed by . Therefore, it is highly probable that some of them are essentially monoaminergic and have lost only temporarily their monoamine due to their functional phase.
Some other nerve cells which show no catecholamine fluorescence even after administration of nialamide, however, appear constantly forming a group in a definite area of the 13th thoracic ganglion and are considered to be essentially non-monoaminergic.
In their study of the inferior mesenteric ganglion of the cat, NORBERG and SJOQVIST (1966) The monoaminergic postganglionic fibers may go directly to the effect organ, to lower ganglia, to adjacent nerve cells in the same ganglion, or only in the case of the thoracic ganglia, to gray communicating rami (e). To sum up, there are five possible courses as seen in Figure 11 . The intra-or extra-ganglionic monoaminergic nerve terminals around their cell bodies were occasionally recognized. In due consideration of this, there are five pathways more as shown with (T) in Figure 11 ( a', b', c', d' and e') .
Finally, the axotomy of the thoracic greater splanchnic, the lumbar splanchnic or the colonic nerve did not cause the accumulation of catecholamine at the distal cut ends. These findings deny the existence of the afferent monoaminergic nerve in these nerves.
Summary
The arrangement of the neuron chains was studied by the fluorescence histochemical method of FALCK and HILLARP, to elucidate the distribution of monoamine containing nerve cells and the connection between nerve fibers in the sympathetic nervous system of the dog. Communicating rami and thoracic greater splanchnic nerve which center in the 13th thoracic ganglion, prevertebral ganglia, colonic nerve and intramural ganglia were subjected to observation.
Section of nerves at various levels and administration of drugs affecting the metabolism of monoamines (reserpine and nialamide) were performed in addition to normal controls. The results obtained were as follows.
1. Monoaminergic fibers are not contained in the white communicating rami. 2. Non-monoaminergic nerve cells are found singly or in groups among fluorescent ones in both the para-and prevertebral ganglia (splanchnic and inferior mesenteric ganglia).
Especially, they group in a definite region of the 13th thoracic ganglion where the white communicating rami penetrate. 3. Efferent monoaminergic nerve fibers are contained in the gray communicating rami, splanchnic and colonic nerve.
4. Monoaminergic nerve terminals are found around monoaminergic and nonmonoaminergic nerve cell bodies in both the para-and prevertebral ganglia.
5. There are two types of monoaminergic postganglionic fibers, namely short and long ones. The short axons terminate in the same ganglion where its own mother cell body is located, while long ones in a distant ganglion or intramural ganglia.
6. Nerve cells are non-fluorescent in the intramural ganglia of both Auerbach's and Meissner's plexuses.
From the above-described results ten defferent pathways, including five main and five subsidary ones, were proposed for the arrangement of the neuron chain from the lateral horn of spinal cord to the intestinal wall.
